Abstract. We present a partial upgrade of the Monte Carlo event generator TAUOLA with the two and three hadron decay modes using the theoretical models based on Resonance Chiral Theory. These modes account for 88% of total hadronic width of the tau meson. First results of the model parameters have been obtained using BaBar data for 3π mode.
INTRODUCTION
Tau lepton is the only lepton that decays into hadrons. From the perspective of low energies, as explored at B-factories, BaBar [1] and Belle [2] experiments, hadronic decay modes of tau lepton provide an excellent laboratory for modeling hadronic interactions at the energy scale of about 1-2 GeV, where neither perturbative QCD methods nor chiral lagrangians are expected to work with a good precision [3] . From the perspective of high energy experiments such as those at LHC, good understanding of tau leptons properties contributes important ingredients of new physics signatures. With the discovery of a new particle around the mass of 125-126GeV [4] , tau decays are an important ingredient for determining if this is the Standard Model Higgs. This is especially pertinent since CMS has reported a deficit in the number of fermion decays from the new particle relative to the Standard Model Higgs Prediction.
The first version of the program TAUOLA [5] was written in the 90's. TAUOLA is Monte Carlo event generator which simulates tau decays for both the leptonic and hadronic decays modes. The hadronic currents implemented in TAUOLA are based on resonance dominance model (RDM) [6] 2 . In the framework of RDM the hadronic current for a three-pseudoscalar decay mode is a sum of weighted products of the BreitWigner functions. It is demonstrated in [7] that this approach is able to reproduce only LO χPT result. Moreover, the model was not sufficient to describe the Cleo KKπ data [8] . This resulted in the Cleo collaboration reshaping the model by introducing two ad-hoc parameters that spoilt the QCD normalization for Weiss-Zumino contribution. The parameters are obtained fitting to data. However, before making conclusion that the Wess-Zumino anomaly normalization is spoilt it should be checked whether on oversimplified theoretical approximation, like RDM, was applied. The alternative approach based on the Resonance Chiral Theory (RχT) [9] was proposed in [7] . The computations done within RχT are able to reproduce the lowenergy limit of χPT at least up to NLO and demonstrate the right falloff in the high energy region [10] . The hadronic currents for the two and three meson modes (ππ, Kπ, KK, πππ and KKπ) calculated in the framework of RχT were implemented in TAUOLA [11] . The tar-ball version of the code is available at web-page [12] .
RESULTS FOR TWO AND THREE MESON FINAL STATES
It is of utmost importance to implement the theory in a form that is as useful for general applications as possible. Therefore the corresponding hadronic currents (J µ ) in the upgraded version of TAUOLA have been written in the most general form compatible with Lorentz invariance. For τ decay channels with two mesons (h 1 (p 1 ) and h 2 (p 2 ))
where
For the final state of three pseudoscalars, with momenta p 1 , p 2 and p 3 , Lorentz invariance determines the decomposition
where: T µν = g µν − q µ q ν /q 2 denotes the transverse projector, q µ = (p 1 + p 2 + p 3 ) µ is the momentum of the hadronic system, F is the pion decay constant in the chiral limit. The decomposition (1) and (2) is the most general one, model-dependence is included in the hadronic form factors (F V , F S as well as F i , i = 1...5). The hadronic form factors calculated within RχT can be written as
where F χ I is the chiral contribution, F R I is the one resonance contribution and F RR I is the double-resonance part. The explict form of the functions F i for 3π and KKπ modes can be found in [11] , Section 2, as well as in [7, 13] . The theoretical results for the hadronic currents were obtained in the isospin limit (m π = (2m
, except for the two pion and two kaons modes. In the phase space generation, the differences between neutral and charged pion and kaon masses is π − π − π + (2.11 ± 0.8% ) · 10 −13 (2.1013 ± 0.016%) · 10 −13 (2.0800 ± 0.017%) · 10 −13 π 0 π 0 π − (2.10 ± 1.2% ) · 10 −13 (2.1013 ± 0.016%) · 10 −13 (2.1256 ± 0.017%) · 10 −13
(3.9 ± 24% ) · 10 −15 (3.7385 ± 0.024%) · 10 −15 (3.5917 ± 0.024%) · 10 −15 K − π 0 K 0 (3.60 ± 12.6% ) · 10 −15 (2.7367 ± 0.025%) · 10 −15 (2.7711 ± 0.024%) · 10 −15 taken into account, i.e. physical values are chosen. This has to be done to obtain proper kinematic configurations. The model parameters, more specifically the masses of the resonances and the coupling constants, were fitted to Aleph data, requiring correct highenergy behaviour of the related form factors, see Appendix C in [11] .
To check stability of multidimensional integration in TAUOLA the MC results were compared with the semi-analytical ones (Gauss integration of analytical results was used). The difference between MC prediction and semi-analytical results for the partial decay width is less than 0.02% for all channels. Both differential spectra and numerical tests are collected at [12] .
In Table 1 , the partial decay width values from PDG [14] are compared with our results obtained with isospin-averaged pseudoscalar masses and with the physical ones. Comparison of the last two columns illustrates numerical effect of physical masses. The difference between the MC result and PDG one is 2% − 24% depending on the channel. As expected, that agreement is not good because only minimal attempts on adjusting to the model parameters have been applied for the comparison with BaBar and Belle data. The next section presents the first step toward this direction.
FIT FOR THREE PION MODE TO BABAR DATA
The main problem with upgrading the MC simulation of τ decays is a lack of the published spectrum. Currently, only the two pion modes [2] and three pseudoscalar modes [15] are published.
The results from a preliminary fit to the three pion mode (π + π − π − ) [15] can be seen in Fig. 1 and Table 2. Both the three particle and the π + π − invariant mass distributions have been considered. Disagreement about 12% level is visible in the low energy region of two particle invariant mass distribution whereas for the three invariant mass spectrum the difference between MC and data is less than 7%. However, the RχT parametrization is in better agreement with BaBar data than CLEO one, see Fig. 1 .
The fit was done taking into account only P-wave contribution of two pion system. As suggesting in [16] the discrepance in the low mass region could be described using a contribution from the scalar particle, S-wave contribution. We expect that inclusion of S-wave contribution [10] will improve the value of χ 2 . The values in the fifth row of Table 2 are only the preliminary results. They will not necessarily correspond to the minimum of χ 2 /nd f of the final fit. Work is in progress.
CONCLUSION
The theoretical results for the hadronic currents of two and three pseudoscalar modes, namely, ππ, Kπ, KK, πππ and KKπ, in the framework of RχT have been implemented in TAUOLA. These modes, together with the one-meson decay modes, represent more than 88% of the hadronic width of tau. RχT is a more controlled QCD-based model than the usual used Breit-Wigner parametrizations. However, before making conclusion about validity of the model the theoretical results have to be confronted with the experimental data, which requires fit of the model parameters. Now that the technical work on current installation is complete, the work on fits is in progress in collaboration with theoreticians and experimentalists. At LHC tau decays are only used for identification and are not used to study their dynamic. However, the dynamics of tau decays are important for both modeling the decays and -therefore the reconstruction and identification-and for measuring the polarization of tau decays. Therefore, an upgrade to the TAUOLA based on the BaBar and Belle results on tau decays is urgently needed for LHC.
